Abstract
Introduction

49
If a water particle is subject to no force except the Coriolis force, it will move at the local inertial 50 frequency (namely inertial motions). In reality, its frequency is usually slightly biased by other processes 51 (Kunze, 1985) . Near-inertial motion has been observed and reported in many seas (e.g. Alford et al.,
52
2016; Webster, 1968) . It is mainly generated by changing winds at the sea surface (Pollard and Millard, 
59
In shelf seas, near-inertial motions exhibit a two-layer structure, with an opposite phase between currents 60 in the surface and lower layers (Malone, 1968; Millot and Crepon, 1981; MacKinnon and Gregg, 2005) .
61
By solving a two-layer analytic model using the Laplace transform, Pettigrew (1981) found this
62
'baroclinic' structure can be formed by inertial oscillations without inclusion of near-inertial internal 63 waves. Therefore, due to similar vertical structure and frequencies, inertial oscillations and near-inertial 64 internal waves are hardly separable, and could easily be mistakenly recognized as each other.
65
In shelf seas, the near-inertial energy increases gradually offshore, and reaches a maximum near the shelf 66 break, found both in observations (Chen et al., 1996) and model simulations (Xing et from the coast to introduce nullifying effects on the near-inertial energy near shore. Kundu et al. (1983) 72 found a coastal inhibition of near-inertial energy within the Rossby radius from the coast, which is 73 attributed to the downward and offshore leakage of near-inertial energy near the coast. As many factors 74 seems to have effects, the mechanism controlling the cross-shelf variation of near-inertial energy seems 75 complicated.
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Ocean Sci. Discuss., doi:10.5194/os-2017-33, 2017 Manuscript under review for journal Ocean Sci. 
83
2L
T n gH 
(1) 84 where n=1, 2, 3, … is the mode number. Csanady (1973, using the Laplace transform) found that even 85 modes of seiches were absent. However, the absence of even mode seiches has not been reported in 86 observation or model simulations, probably due to irregular topography in reality which makes it difficult 87 to compute the exact period of each mode. And it is not known why even modes disappear from the 88 perspective of physics which we want to explore.
89
In this paper, we try to use simple simulations to investigate some basic properties of the inertial 90 oscillation and the near-inertial internal wave and differences between them. Generation of two-layer 91 structure of inertial oscillations and horizontal distribution of near-inertial energy are investigated in 92 details. The model is simple two-dimensional (x=600 km, z=60 m) and forced by a wind pulse with land 93 boundaries at both two sides. The missing of even mode seiches is also found and interpreted. Two cases 94 with and without vertical stratification are explored. Model settings are introduced in Section 2. In the 95 homogeneous case (Section 3), properties of seiches and inertial oscillations are investigated. In the 96 stratified case (Section 4), we study the difference near-inertial internal waves introduce. Summary and 97 discussion are presented in the final section (Section 5).
98
Model Settings
99
Numerical simulations are done by the MIT general circulation model (MITgcm) (Marshall et al., 1997 ).
100
The model is two-dimensional (i.e., the gradient along y is zero), with 3000 grids in the horizontal (x; 
Seiches
112
Due to the westward flow driven by the wind, the water level goes up at the west coast and down at the 113 east coast initially (Fig 1) . A wave front propagates from each end at the speed of the barotropic wave
114
(√ = 24 m/s or 87 km/h). As the wind stress and the water depth are uniform across the basin, the 115 elevation at the west is antisymmetric to that at the east (i.e. with the same amplitude but opposite phase).
116
The spectra of elevations is shown in Fig 2. At the inertial frequency, the elevation energy is slightly 117 increased. The most energetic peak is at the first mode of seiches, which is slightly biased by the earth 118 rotation effect. With the rotation, the wave frequency for each mode of seiche is given by (see the 119 Appendix):
where f is the inertial frequency, n the mode number, g the gravity acceleration, H the water depth, and
122
L the basin width. As in most cases the horizontal scale of a closed basin is relatively small (<200 km),
123
the second term on the right hand side of Eq. (2) is much greater than the inertial frequency term, thus 124 the rotation effect is usually negligible. Here due to a large basin width (600 km), the rotation effect is 125 obvious.
126
The energy of the first mode is minimal at the middle of the basin (i.e., x=300 km) and maximal at two 
134
As derived from the appendix, the elevation of a seiche in a closed basin can be given by
where A1 and A2 are arbitrary constants. As we see in generated by the barotropic wave originating at the west boundary is denoted by (3), the seiche generated
142
by the wave from the east boundary is expressed as
The superposition of these two seiches is
The odd modes, i.e., n=1, 3, 5…, are amplified:
The even modes, i.e., n=2, 4, 6…, cancel each other: smaller peak at the frequency of the first mode seiche. As this simulation is two-dimensional, i.e., the 158 gradient along y-axis is zero, the seiche has little energy in v which shows clearly regular variation at the 159 inertial frequency.
160
In the vertical direction, currents display a two-layer structure, with their phase being opposite between simulation the near-inertial internal wave is absent. However, this two-layer structure of inertial 168 oscillations looks 'baroclinic', which makes it easy to be mistakenly attributed to the near-inertial internal 169 wave (Pettigrew, 1981) .
170
It is interesting that currents of non-baroclinic inertial oscillations reverse between the surface and lower 171 layers. This is usually attributed to the presence of the coast, which requires the normal-to-coast transport , 1996) . Here we try to give more detail on how this process works.
174
As the westward wind blows for first three hours, the initial inertial current is also westward and only 175 exists in the very surface layer (Fig. 4) . In the lower layer there is no movement initially. Thus a westward 176 transport is produced, which generates a rise (in the west) and fall (in the east) of elevation near coastal 177 boundaries. The elevation slope behaves in a form of barotropic wave which propagates offshore at a 178 great speed (87 km/h). The current driven by the barotropic wave is eastward, and uniform vertically.
179
Therefore, with arrival of the barotropic wave the westward current in the surface is reduced, and the (Fig. 4) . After passage of the first two barotropic waves
181
(originated from both sides), currents in the lower layer have reached a relatively great value, while 182 currents in the surface layer have been largely decreased (Fig. 5a) . Accordingly, the depth-integrated 183 transport diminishes a lot. This is like a feedback between inertial currents and barotropic waves. If only 184 the depth-integrated transport of currents exist, barotropic waves will be generated, which reduce the layer is lagged behind that in surface layer (Fig. 5b) . 
Horizontal distributions of inertial energy
192
The inertial velocities are almost entirely the same across the basin (Fig. 6) , except near the boundary.
193
This indicates that inertial oscillations have a coherence scale of almost the basin width. This is because 
201
The spectra of velocities in the inertial band are almost uniform except near the boundaries (Fig. 7) ,
202
consistent with the velocities. Near the boundaries, the inertial energy declines gradually to zero from 203 x=~20 km to the coast wall. The east side has slightly greater inertial energy and a bit wider boundary 204 layer compared to the west side.
205
We calculate the nonlinear and inertial terms in the momentum equation and find that nonlinear terms 206 are of relatively high values initially within 2 km away from the land boundary (Fig 8bc) , where the 207 inertial term is smaller (Fig 8a) . For the time-averaged values (Fig 8d) , the vertical nonlinear term is two
208
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Near-inertial internal waves
214
In addition to inertial oscillations, near-inertial internal waves are usually generated along when the 215 vertical stratification is present. However, due to their close frequencies inertial oscillations and near-
216
inertial internal waves are difficult to be separated. Thus we run a second simulation with the presence 217 of stratification to investigate differences that near-inertial internal waves introduce. The temperature is 
229
A spectral analysis of the temperature at mid-depth (z=-30 m) is shown in Fig. 11a . The strongest peak 230 is at near the inertial frequency (0.69 cpd), but only confined to the region close to the boundary (x<40 231 km). In the region 20km<x<70km, the energy is also large at higher frequencies of 0.8-1.7 cpd. This 
Velocity distributions
244
With presence of near-inertial internal waves, the contours of velocities near the thermocline tilt slightly
245
( Fig. 12d) , and indicates an upward propagation of phase, thus a downward energy flux. This can also be 
249
The spatial distribution of the near-inertial energy is also slightly changed compared to the case with only 250 inertial oscillations ( Fig. 13 and Fig. 7 ). It is also greatly reduced to zero in the boundary layer (0-20 km) 251 like the case without stratification. But at ~50 km away from the boundary the inertial energy reaches a 252 peak. Further away (>100 km) it becomes a constant. This spatial distribution of inertial energy is similar 253 to that observed in shelf seas, with maximum near the shelf break (Chen et al., 1996; Shearman, 2005) .
254
In our case, the boundary layer effect which induces a sharp decrease to zero makes a major contribution,
255
and near-inertial internal waves which bring a small peak further offshore make a secondary influence. 
269
The inertial oscillation is energetic in the homogeneous case. It has a two-layer structure, with currents 270 in the surface and lower layers being opposite in phase, which has been reported frequently in shelf seas.
271
We find that the inertial current is confined in the surface layer initially. The induced depth-integrated 
284
The second case is set up with idealized two-layer stratification, thus near-inertial internal waves are 
320
The governing equations for seiches can be simplified as: 
If we assume
and substitute (A3) in (A2), we get
If a function of t equals a function of x, they have to both equal a constant, 
where C1 and C2 are arbitrary constants. The across-coast velocity must vanish at boundaries, i.e., u=0 at 338 x=0, L, thus
The solution for T is then cos cos sin 
